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To the President of the Senate and the
Speaker of the House of Representatives

This is GAO'sfstudy of how the United States compares
to other nations in applying modern manufacturing technology
by discrete parts, batch process manufacturers. These man-
ufacturers constitute over 35 percent of the manufacturing
firms in the United States, and they manufacture most of the
items procured by the Federal Government.

This study of manufacturing technology was undertaken
because to varying degrees, there are sufficient indications
that the private sector is having difficulty maintaining its
productivity in dealing with rapid changes in manufacturing
technology. Moreover, the Federal Government is the largest
single purchaser of manufactured goods and if indeed tech-
nology and productivity falter then the cost of these goods
will increase accordingly. GAO wanted to provide a document
which would encourage discussion and debate on the subject,
recognizing that the issue is a very complex one and is in-
terrelated with other problems, such as inflation, capital
formation, and international competitiveness.

We were also aware of the interest of several committees
of the Congress in the subjects of increased productivity,
competitiveness of the United States in world markets, price
stability, and economic growth, and the role of the National
Center for Productivity and Quality of Working Life in re-
solving these problems.

The report should be useful to the Congress, the execu-
tive branch, and to the private manufacturing sector in iden-
tifying policy and actions relating to national manufacturing
productivity, scientific research and development, and tech-
nology diffusion.

Our review was made pursuant to the Budget and Accounting
Act of 1921 (31 U.S.C. 53), and the Accounting and Auditing
Act of 1950 (31 U.S.C. 67).
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We are sending copies of this report to the Director, 7
Office of Management and Budget; the Secretary of Commerce;
the Chairman, National Center for Productivity and Quality 967
of Working Life; and other interested agencies.

Comptroller General
of the United States
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REPORT TO THE CONGRESS MANUFACTURING TECHNOLOGY--
BY THE COMPTROLLER GENERAL A CHANGING CHALLENGE

TO IMPROVED PRODUCTIVITY

DIGEST

THE EMERGING PROBLEM

The United States is the World's largest
producer of manufactured products and for
many years generated most of its raw mate-
rials, produced its own manufacturing tools
and consumed most of the products it manu-
factured--historically, exporting less than
7 percent of its gross national product.

But, the United States is running out of raw
materials--oil is one--and must increasingly
import them at higher costs to operate its
factories. These increased imports must be
paid for by increased exports; and, the in-
creased exports must come either from im-
proved productivity or from reduced domestic
consumption.

If from the latter, the costs of the avail-
able goods will substantially increase to the
American consumer and to Federal, State and lo-
cal governments.

Meanwhile, the successes of foreign competi-
tors in using sophisticated manufacturing
technology to produce consumer goods are evi-
dent.

-- Americans are buying a large quantity and
variety of quality foreign products.

-- Foreign markets that the United States has
traditionally enjoyed are diminishing.

--In 1971 the U.S. balance of trade turned un-
favorable for the first time since 1893 and
again showed a deficit in 1972 and 1974.

A significant amount of these goods are made
in small lots or batches by industries known
as discrete parts, batch process manufactur-
ers. In the United States these manufactur-
ers represent over 35 percent of the
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manufacturing base and contribute 36 percent
of manufacturing's share of the gross national
product.

The technology involved in small batch manu-
ufacturing has been undergoing profound
changes because of the numerically controlled
machine tool (developed in the 1950s) and the
increased use of computers to control manufac-
turing processes. Furthermore, foreign com-
petitors seem to be surpassing us in using
this new technology to improve their indus-
trial productivity.

In the 30 years since the end of World War II,
other industrialized nations have had rates
of improved industrial productivity consist-
ently higher than those of the United States.

While a rapid productivity increase rate could
have been expected for a while in some of the
industrialized nations due to rebuilding indus-
trial bases, the effects of the war do not ac-
count for the sustained productivity improve-
ment rate for the extended 30 year period.
Economists who have studied the matter gener-
ally agree that productivity improvements
due to reconstruction activities were com-
pleted mostly in the 1950s.

Following World War II, the European countries
and Japan, largely at U.S. insistence estab-
lished formal productivity centers that focused
on management and marketing techniques and prob-
lems in the service sectors of the economies.

Additionally, and without U.S. encouragement,
informal productivity centers were established
in the areas of manufacturing, science and
technology. These were joint cooperative ef-
forts organized from the Government, labor,
industry (including industrial associations
and institutions) and university communities.

The consistently increasing productivity rates
of these industrialized countries can be at-
tributed, at least in part, to the productivity
centers.
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In the area of advanced manufacturing technol-
ogy, the United States generally is using more
than other countries. But it is highly concen-
trated in aerospace, electronics, and other
firms producing defense-related products, and
without added impetus it does not show promise
of diffusing to small- or medium-sized firms.

However, the general level of technical capa-
bility seems about equal in all industrial na-
tions.

Looking to the future, it appears that foreign
competitiors have an advantage of being able
to exploit, develop, and diffuse manufacturing
technology faster than the United States. Al-
though this kind of international technological
competition is healthy and stimulates each
country to the common goal of improving world
wide living standards, the U.S. needs to take a
positive stance to improve its own diffusion of
manufacturing technology so as to enhance pro-
ductivity and remain competitive.

Normally, the Government would not be inter-
ested in an issue of this magnitude unless:

--private industry was neglecting or generally
unaware of the issue,

-- actions being taken by private industry were
not in the best interests of our economy, or

--private industry was not advancing fast
enough to sustain our socieconomic way of
life.

Although there are no outright indications of
neglect, a broad cross-section of U.S. manufac-
turers generally do not know how advanced man-
ufacturing technology affects them. And, those
applications of technology contemplated or under
way do not seem to be progressing fast enough to
sustain us. Consequently, GAO became interested
in the evaluation of manufacturing technology
and its impact on productivity.

GAO now believes that in order to remain in-
ternationally competitive and to maintain a
strong industrial base, actions must be initi-
ated to make manufacturing productivity a na-
tional priority.

111
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V (GAO recommends that as a top priority effort
the National Center for Productivity and Qual-

ity of Working Life develop a national policy

and appropriate means for achieving balanced

productivity growth in the industrial/manufac-

turing base. Further, GAO recommends that the

National Center, in carrying out this recom-

mendation, seek the cooperation and assistance

of the Department of Commerce and other appro-

priate agencies. In addition, GAO recommends

that the Department of Commerce strengthen its

efforts to support and develop productivity

enhancing technology related to manufacturing.

The combination of the existing expertise of

the National Center and the Department of Com-

merce in close coordination with other public

and private organizations, would facilitate
early initiatives with a minimum startup time.

Moreover the Department of Commerce could,

thereby, provide the much needed focal point to

coordinate all the disparate Government and

private work in developing, standardizing and

diffusing manufacturing technology. This is

discussed in more detail in chapter 8.
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CHAPTER 1

BACKGROUND

The Federal Government spends billions of dollars each
year for U.S.-manufactured products. Inflation is constantly
raising the unit costs of the products at a time when there
are mounting pressures to limit Government spending. It
therefore becomes increasingly important that manufacturers
supplying the U.S. Government use the most cost effective
manufacturing methods in producing products.

We initiated a review of manufacturing technology ap-
plied to meeting the Government's civil and national defense
needs because of the GAO and Federal interest in

-- procuring these goods and services at the lowest prac-
tical cost,

-- applying techniques to improve the productivity of
federally operated industrial facilities,

-- furthering the objectives of the Congress and the ex-
ecutive branch in establishing the National Commission
on Productivity and Work Quality, and more recently
the National Center for Productivity and Quality of
Working Life,

-- applying and using the National Science Foundation
grant program as it relates to manufacturing technol-
ogy, and

-- providing a document which would encourage discussion
and debate on the subject, recognizing that the issue
is a very complex one and is related to other prob-
lems, such as growth of capital formation and high
inflation in plant and equipment costs.

We were also aware of the interest of several committees
of the Congress in the subject of increased productivity,
competitiveness of the United States in world markets, price
stability, and economic growth.

Several matters surfaced early in the survey which per-
suaded us to expand the project to a survey of manufacturing
technology generally. First, there were over four million
different items in the Federal supply system. Virtually
everything produced in the United States is procured, in one
form or another, by the Federal Government. There were over
25,000 contractors producing items or services for the De-
partment of Defense alone.



Second, a large number of items procured by the Govern-
ment--for instance materials-handling equipment and Army
tanks--are products of industries which produce in small
lots or batches. These are known as discrete parts, batch
process manufacturers.

Third, there was a declining U.S. balance-of-trade
position which in 1971 turned unfavorable for the first time
since 1893 and again showed a deficit balance in 1972 and
1974. An important negative factor was the rate of increase
in the imports of high-technology products which have con-
sistently been among our major exports. Except for agricul-
tural products, many imports and exports were products of
either U.S. or foreign discrete parts, batch process manufac-
turers--the same type which account for the manufacture of a
large proportion of the products procured by the Government.

Fourth, the U.S. rate of increase in productivity in
manufacturing was among the lowest in the world.

And fifth, we were told that the technology of manu-

facturing discrete products in small batches was undergoing
profound changes because of the development in the 1950s
of the numerically controlled machine tool (see p. 26)
and the burgeoning application of computers to the manu-
facturing environment, including computer control and
operation of the machinery of manufacturing. There were
suggestions that our foreign competitors were moving ahead
of the United States in applying the new technology to this
large segment of manufacturing industries.

The Government's interest in issues of this type would
also be stimulated by indications that the private sector
was: (1) neglecting or was generally unaware of the issue,
(2) taking actions which were not in the best interests of

our economy, or (3) their initiatives were not moving fast
enough to sustain our socioeconomic way of life.

To varying degrees there are sufficient indications

that the private sector is having difficulty in dealing with
rapid changes in manufacturing technology which would war-
rant the Government's interest. For example, although there

are no outright indications of neglect, there are clear in-
dications that a broad cross-section of our manufacturing
base is generally unaware of the impact of advancing manu-
facturing technology. Moreover, even though many actions
now underway or contemplated by selected elements of our
manufacturer base are in our national interests, their prog-
ress may not be fast enough to insure sustaining and advanc-
ing our socioeconomic way of life. Based on these observa-
tions and coupled with our current state of economic growth
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we concluded that a survey of U.S. and foreign manufacturing
generally would satisfy our specific interests in manufac-
turing (especially as it relates to Government procurements)
and, at the same time provide some useful insights into
problems of U.S. productivity, relative levels of manufac-
turing technology and competition in foreign trade.

In making our study, we surveyed a sample of metal-
working companies and held discussions with over 200 U.S.
industrial, academic, governmental, and financial organiza-
tions. We also visited a smaller number of similar organiza-
tions in the United Kingdom, West Germany, France, Italy,
Norway, Denmark, and Sweden. Although we did not visit Japan,
we discussed the subject with representatives of the Washing-
ton, D.C., office of the Japan Productivity Center and
conferred with a number of knowledgeable individuals with
a firsthand knowledge of manufacturing activities in Japan.

We also surveyed the literature on matters of
productivity and technology and utilized previous GAO studies
involving technology and foreign trade. We did not attempt
to study all of the literature in depth, nor do we feel we
have studied all of the literature.

The study of such a broad field involving such a wide
range of disciplines, companies, countries, individuals,
facts, assumptions, and possibilities for the future requires
subjective evaluations and appraisals by the study partici-
pants. No one small group engaged in such a broad study
can lay claim to having considered all pertinent and avail-
able information, opinions, and perceptions. Indeed one
of our primary conclusions is that the subject matter studied
is so important, broad, and dynamic as to merit continuing
attention in the United States by some responsible, qualified,
and properly staffed organization either in the public or
the private sectors or some combination thereof.

We believe our study has been sufficiently comprehensive
to identify some serious productivity problems in the United
States, to provide information and create some controversy,
and to suggest potential courses of action to policymakers
in the executive and legislative branches--and in the private
sector, that are now engaged in the emerging national inter-
est and debate on productivity in the United States.

Several cautions to the reader seem appropriate. The
matters discussed--economic or technical--concerning this
study are relevant, in general, only when construed within
the context of a relatively long timespan, such as 10 to 20
years. The computer-integrated manufacturing systems
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discussed herein probably will not reach full development
until 1985 or beyond in the country or countries providing
the most favorable environment for their development.
Therefore, viewing the matters in terms of business or eco-
nomic conditions at a particular point or for a brief period
could yield distorted perspectives.

Although our study focuses primarily on discrete parts,
batch-processing industries engaged in various forms of
metal working--principally metal cutting--the principles,
problems, and potential for improved growth through
computer-integrated manufacturing apply equally to other
areas of manufacturing, such as plastics, glass and metal
forming. The opportunities for improved productivity
through automation in the service sector of our economy are
also great. The Committee on Automation Opportunities in
the Service Areas of the Federal Council for Science and
Technology issued in June of 1975 the results of a 4-year
study of the opportunities for productivity improvement in
the service sector. 1/ The Committee's findings and recom-
mendations are very similar to ours, and excerpts from the
study are contained in appendix III.

Also the reader should be aware that our study does not
discuss if computer-integrated manufacturing should be
brought about. The development and component applications
of computer-integrated manufacturing are already taking
place. The question, therefore, is not whether but how
quickly and effectively the development process will be com-
pleted and which national entities will move most quickly
and effectively. It is primarily these questions to which
our study addresses itself.

Finally, although our study emphasizes the importance
of the emerging computer-integrated manufacturing technology,
technology does not stand by itself. Investment capital,
employee-management attitudes and relationships, institu-
tional characteristics--public and private--monetary policy,
raw material endowment,and other factors are all woven to-
gether in intricate mosaics, which are different for all
countries. It is the interaction of all of these factors
that make up a nation's productivity. To encompass all of
the factors in a single report would be impracticable. We
discuss or refer to many of these other factors to highlight
manufacturing technology and our problems in realizing the
full potential of the new manufacturing technology.

In developing this report, GAO was fortunate to have
had expert advice and assistance from a wide variety of ex-
perts in government, the private sector, and academia in the
U.S. and abroad.
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In January of 1976, we had a one day conference of
experts on various aspects of manufacturing from Government,
industry, labor, and academia to review a draft of our re-
port.

Overall we have received a panorama of viewpoints rang-
ing from expressions that all is well with U.S. industry and
no action is necessary, to the direst of concerns that the
U.S. is already falling behind. On balance, however, the
affected government agencies and private organizations are
in general agreement with our findings.

We gratefully acknowledge the assistance of these peo-
ple and their contributions to our work.

Nevertheless, the observations, judgments, and sugges-
tions in the report are those of GAO and do not necessarily
reflect the views of any of those who so generously assisted
in the study.
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CHAPTER 2

INTRODUCTION

To assess the importance of manufacturing technology,
the GAO staff surveyed programs in the United States and

selected foreign countries concerned with advancing the

state of the art of manufacturing technology, particularly

the use of computers in the manufacturing environment.

In our analysis, we considered the growing interdepend-

ence of world economies and the fact that such a review
could not be limited only to factors internal to the United

States. All industrial nations compete for increasingly

scarce resources of manufacturing as well as for markets

for their end products, and high rates of productivity are
necessary to minimize manufacturing costs and maximize a

countryds competitive position. Importantly, the rates of
productivity growth in the United States since World War II
have been the lowest of 11 major industrial nations.

Table 1 shows how the annual rates of manufacturing
productivity growth have increased at a dramatically higher

rate in other industrial nations since 1960.

TABLE 1

Productivity Gains

Average Annual Increase in Output Per Man-Hour

In Manufacturing, 1960-1973

Japan . . . . . . . . . . . . 10.5%
Netherlands. . . . . . . . . . . .... 7.5
Sweden . . . . . . . . . . . . . . . . . . 7.1
Belgium. 6.5

Italy. . . . . . . . . . . . . . ..... 6.4
France . . . . . . . . . . . . . .... 6.0

West Germany . . . . . . . . . . . . . 5.8
Switzerland. . . . . . . . . . . . ... 5.3
Canada . . . . . . . . . . . . . . . ... 4.3

United Kingdom . . . . . . . . . . . ... 4.0
United States .... . . . 3.4

Source: U.S. Department of Labor
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There is extensive literature on economic growth in
the United States centering on broad analyses of applica-
tions of land, labor, and capital. And there have been gen-
eral discussions of factors contributing to productivity
such as education and technological advances. There have
been fewer studies addressing the quantitative importance
of each single factor or analyzing the possible underlying
reasons for the low rate of U.S. productivity growth in re-
lation to other countries.

In the following paragraphs, we draw heavily on a study
report of the National Science Foundation and the work of
Edward F. Denison of the Brookings Institution because (1)
they are authorative works, (2) they raise important ques-
tions concerning the need or effectiveness of overt efforts
to improve national productivity, (3) they bear strongly on
some of the points we make, and (4) they form a prior broad
study basis for some of the more specific observations we
have made regarding the more specific discrete parts, batch
process industries and the emerging technology of computer-
integrated manufacturing.

NATIONAL SCIENCE FOUNDATION STUDY

The National Science Foundation study examines public
policy questions concerning productivity growth. Part of
the examination was directed to relative rates of growth of
the United States and other industrialized countries.

In their study Piekarz and Thomas 2/ began their com-
parison of the United States productivity performance with
that of foreign countries by making three observations.

First observation

U.S. output for each employed person appears to be, and
probably has been throughout this century, higher than that
of any other nation.

Chart 1 shows that the U.S. ratio of industrial output
for each person employed in industry has exceeded the ratios
for the United Kingdom, Germany, and Sweden from 1860 to
1970.

Table 2 shows that the U.S. gross domestic product for
each person employed ranked first among the major industrial
nations in 1971 as well as in 1961 and 1951. However, a
simple comparison of the rate of growth between 1961 and
1971 reveals that it substantially lagged behind the other
nations.

7
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Second observation

The annual rate of U.S. productivity growth, averaged
over the past century, seems to have approximated the expe-
rience of other industrial nations.

Piekarz and Thomas use table 3 to show that the average
annual rate of growth of GNP per capita of the United States
over the period 1870 to 1965 compares favorably with most

other industrial nations. The observation is also supported
by chart 1 and an analysis by Kuznets 3/ of the average an-

nual rate of change of national output per unit of labor in-
put, and output per unit of labor plus capital input of se-
lected countries.

Third observation

Since the post-World War II reconstruction, U.S. pro-
ductivity growth has compared less favorably with that of
other countries than it did up to that point.

Piekarz and Thomas state that:

"Among the other industrial nations for the years
1955 through 1968, average annual growth of output
per employed person in the economy as a whole, the
industrial sector, and service activities exceeded
the U.S. rate by about 50 percent. Only in agri-
culture has the U.S. experience been comparable.
This performance for most of the other industrial
countries represents an acceleration from their
previous productivity growth."

Table 4 shows how the United States compares to other
western industrialized nations in the rates of growth from
1955 to 1968 for the total economy and the agriculture,
industry and service sectors.

Piekarz and Thomas found that evidence is lacking to
determine whether the seemingly higher rate of productivity
growth of other countries as compared to the United States
is permanent. They found evidence in Denison's work 4/ and
others, as we did, that foreign countries have, for example,
a higher rate of investment in production plant and equip-
ment. However, they note that the United States compares
favorably in upgrading labor skills and technology develop-
ment.

But they conclude that:

"There is no way to determine whether during
the next decade or two the gap in overall

10



dP 
C i O 1- CI O ,UH

..e4
0C 4J 'E

0 0 U r CY 4 r

3 O- c 4l a M- (a (a 
O -I -- 4i
w o w S C ( L o ro

C' O C Ca ~ co a) N o ) 
1- 3 (a U 3 4) c u 4J) .c 

4-4 OD O I Q 4-i w O .- i .4 -i :

'0 0J

Oi U1 Q 0 0 0 3 3 C CS- o loa U OO
w ro 4

p:A; ~- I-I V '0 C) 0 C) 

'0 0 >E -' s-s

E Ur r~l) Co C:

Lit >I >1

:3 Q) co a)aw (L) 4J 0

m : C rT4

Eq O~Q~Q~
l ov r~CHr

cr 3 C~~1



TABLE 4

Average Annual Growth of Output Per Employed Person for

13 Industrial Countries

1955 to 1968

Annual Rate of Growth
Total
economy Agriculture Industry Services

United States 2.5% 5.4% 2.9% 1.7%

Other major countries
(unweighted average) 4.0 6.1 4.6 2.2

Canada 1.9 4.8 3.8 -0.1

France a/ 5.1 6.1 5.3 3.4

Germany a/ 4.4 6.1 5.0 2.5

Italy 6.0 7.8 5.8 3.7

United Kingdom 2.4 5.8 2.9 1.4

Other European countries
(unweighted average) 3.9 4.8 4.2 2.6

Austria 4.5 5.1 4.4 3.1

Belgium 3.5 5.8 4.4 2.3

Denmark a/ 3.7 4.3 3.0 3.0

Finland a/ 3.9 4.6 4.1 1.5

Ireland a/ 3.3 3.3 3.4 2.2

Netherlands 4.0 6.2 4.8 2.8

Norway 4.1 2.5 3.9 3.4

Sweden a/ 4.1 6.5 5.6 2.3

All countries (except U.S.)
(unweighted average) 3.9 5.3 4.3 2.4

Source: Organization for Economic Cooperation and Development., The
Growth of Output 1960-1980, Retrospect, Prospect and Prob-
lems of Policy, December 1970, p. 35.

a/Covers a shorter time period.

12



technological capabilities between the United
States and the more advanced of the other indus-
trialized nations will contract, widen, or remain
about the same."

Our studies do not yield any more conclusive results
concerning relative, future national growth rates than those
of Piekarz and Thomas. However, table 4 shows that only in
agriculture does the United States compare favorably in
growth rates with other nations. When combined with our
other findings, this forms a basis for postulating about
the future of the discrete parts, batch-processing segment
of manufacturing industry. In the United States only agri-
culture has well-defined national programs and an institu-
tional structure for technology enhancement, diffusion, fi-
nancing, marketing and productivity improvement.* In the
service sector similar structures and programs may be devel-
oping.** In the industrial sector there are a number of
Government programs directed to specific areas of manufac-
turing, but there is no cohesive national program.

In July 1975 the Joint Economic Committee, Subcommittee
on Economic Growth, held hearings on the lack of a national
technology policy and its impact on the economy. In announc-
ing the hearings, Senator Lloyd Bentsen said:

"* * * as of today, the United States has no na-
tional policy for encouraging the type of techno-
logical innovation that is needed to maintain a
healthy, growing economy. * * * no new system has
been developed or adapted to meet the new set of
emerging priorities: economic growth, environmen-
tal soundness, export competitiveness and social
welfare."

*In the broad sense, the activities of the U.S. Department
of Agriculture, the State Agriculture departments, and the
agricultural colleges constitute U.S. "productivity cen-
ters" for agriculture.

**For example, the health care research and delivery work of
the Department of Health, Education, and Welfare which is
strongly funded and the work of the Government's Joint Finan-
cial Management Improvement Program which measures productiv-
ity in the Federal Government sector. See also the results
of a study of productivity improvement opportunities in the
service sector by the Federal Council for Science and Tech-
nology 1/ and the work of the National Commission on Produc-
tivity and the Quality of Work Life.
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By contrast, the foreign countries we studied have
well-developed national programs for industrial development
and, through their productivity centers, a structure for
service sector productivity improvement. The establishment
of national structures--formal and informal--for productivity
improvement in foreign countries took place from late in the
1940s to early in the 1950s.

This was followed by sustained improvements in produc-
tivity growth rates. Thus, there is a presumptive cause-
effect relationship between the creation and maintenance of
structured national productivity efforts and sustained pro-
ductivity growth in the foreign countries. (A more detailed
discussion of foreign productivity centers may be found in
chapter 6.) This, compared with sustained high rates of
productivity improvements in American agriculture--the only
sector in the United States with a fully developed national
productivity effort--suggests that formal national productiv-
ity programs can influence the rate of growth of national
productivity.

DENISON'S WORK

Denison has pioneered in identifying the determinants
of changes in output and measuring of changes in them, and,

as a means of understanding economic growth, he has estimated
the effect on output of changes in each. In his earlier
work 5/ Denison identified 31 change determinants. He finds
that changes in the following categories were chiefly respon-
sible for long-term growth. 6/ The categories are (1) the
number of employed persons and their demographic composition,
(2) working hours, including the proportion of part-time
workers, (3) the education of employed persons, (4) the size
of the capital stock, (5) the state of knowledge, (6) the
proportion of labor allocated to inefficient uses, (7) the
size of markets, and (8) the strength and pattern of short-
term demand pressures. Advances in knowledge were the big-
gest single source of growth, and lengthier education of the
labor force also appeared as a major source of growth. (Our
study focuses primarily on advances in knowledge, but we did
some survey work on education. (See ch. 7.)

In Denison's work 6/, advances in knowledge include
technological knowledge; i.e., knowledge concerning the
physical properties of things and how to make, combine, or
use them in a physical sense. It also includes managerial
knowledge; i.e., knowledge of business organization and of
management techniques construed in the broadest sense. Ad-
vances in knowledge comprise knowledge originating in the
United States and abroad and knowledge obtained in any way:
by organized research, by individual research workers and
inventors, and by simple observation and experience.
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Denison goes so far as to state 4/ that in the very
long run changes in the state of the arts (i.e., advance
of knowledge) and gains from economies of scale are the
fundamental sources of growth in output per unit of input.

In this report we recognize the high quality of
American managerial knowledge by observing that foreign
productivity centers have had missions of acquiring and
disseminating American managerial know-how and in compensat-
ing for the lack, in their own countries, of well-developed
schools of business and of organizations such as the Ameri-
can Management Association. (See ch. 6.) Denison makes the
same point and concludes, along with many others, that
American management technology is the best developed of the
industrialized nations.

Our study, therefore, concentrated primarily on techno-
logical knowledge because of its importance to national
growth and because of the emerging new technology of
computer-integrated manufacturing, which can impact on such
a large sector of American manufacturing.

Denison also makes the point 4/ that any scientific
discovery, theory, or knowledge of any new materials, ma-
chines, techniques, procedures, and practices that arise
anywhere in the world quickly spreads to all industrialized
countries. By accelerating its own contribution to advances
of knowledge, one industrialized country cannot expect to
gain more than a temporary advantage over the others with
respect to knowledge available for use.

The experts with whom we discussed this matter in the
United States and abroad agreed that knowledge can spread
quickly among countries.

There is an important difference, however, in the ac-
quisition of technological information by the United States
and other industrialized countries. One of the major prob-
lems we encountered in attempting to assess the level of
development of computer-integrated manufacturing in foreign
countries was the virtual dearth of information in the
United States on foreign developments. Foreign publica-
tions and research works on manufacturing technology were
not routinely scanned, translated, or published in the
United States. Only a relative handful of private industry
professionals routinely visited foreign countries for first-
hand appraisals of foreign technology. (By this we mean
manufacturing generally. We found many individual American
companies which were well aware of the manufacturing proc-
esses used by foreign competitors in the same product line.)
We could find only a few academicians who had a firsthand
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